With increasing frequency the emergence of new drug resistances constitutes a serious problem in cancer therapy or the treatment of bacterial infections. A major mechanism bacteria employ against antibiotics is based on multidrug efflux pumps extruding the drugs before they can reach their targets. In Escherichia coli the major efflux system comprises the inner-membrane translocase AcrB, the membrane-fusion protein AcrA and the outermembrane channel TolC. AcrB functions as the engine of this complex, using proton motive force to expel a wide variety of unrelated toxic compounds such as antibiotics, disinfectants or detergents. The molecular details of how proton conduction through AcrB is coupled to drug expulsion are not fully understood yet. Here we report a series of 6 x 50 ns independent molecular dynamics simulations of AcrB in a phospholipid / water environment at 150 mM NaCl concentration. Each monomer was considered in a different protonation state as suggested by Seeger et al. (2008) and all simulations were performed using GROMACS 4.0.3 and the 53a6 GROMOS96 forcefield. To gain insight into the AcrB proton conduction pathway we monitored the distribution of water molecules inside the trans-membrane domains and analyzed their hydrogen-bonding behavior to adjacent residues. We find three water diffusion pathways connecting periplasmic and cytoplasmic bulk phase. The pathways are monomer-specific and constitute likely routes along which proton conduction could take place. Residues flanking the pathways were identified and their contribution to the AcrB hydrogen bonded network was quantified as residue -water hydrogen bond contact frequency. Using the H-bond activity of known key residues as a template, we suggest new mutagenesis candidates. Furthermore, we find that water flow through the trans-membrane domains is regulated by four groups of residues that act like valves.
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